Previously, several morphological and biochemical studies were conducted on mulberry fruits in different parts of Turkey. However, there is no report from the Muş region, which has interesting climatic conditions and is differentiated from the other mulberry growing areas in Turkey. Thus, results obtained on morphological and biochemical characteristics of white and black mulberry grown in the Muş region may increase our knowledge of the composition of this special fruit species.
Materials and methods

Fruit materials
In this study, mulberry trees indigenously grown in the Varto district of Muş Province were located and fruit samples were taken. Thirteen mulberry genotypes (5 Morus alba and 8 Morus nigra) were used. The fruits were harvested in the last week of June 2016. The harvest was performed during periods when the fruits of the analyzed genotypes were completely ripened. Approximately 500 g of fruit sample was taken from each genotype. Homogeneously collected fruits were stored at -80 °C until the laboratory analyses were performed.
Determination of agromorphological properties
Fruit weight was measured by a digital scale sensitive to 0.01 g. Fruit width and length and peduncle length were measured with a 0.01-mm sensitive compass. Soluble solids content (SSC) (with hand refractometer), pH (with pH meter), and titratable acidity (TA) (by titration method) were determined in 20 fruits, which were randomly taken from each genotype.
Analysis of phenolic compounds
The analysis of phenolic compounds was done by modifying the method by Rodriguez-Delgado et al. (2001) . The samples were centrifuged at 15,000 rpm for 15 min. The supernatant was filtered through 0.45-µm Millipore filters and injected into the HPLC equipment. Chromatographic separation was carried out on an Agilent 1100 HPLC system using a DAD detector and a 250 × 4.6 mm, 4-µm ODS column. Solvent A (methanol-acetic acid-water [10:2:88]) and Solvent B (methanol-acetic acid-water [90:2:8]) were used as mobile phase solvents. The separation was carried out at 254 and 280 nm and the injection volume was 20 µL.
Analysis of organic acids
In the analysis of organic acids, the method of Bevilacqua and Califano (1989) was modified and used. Five grams of fruit sample was placed in the centrifuge tube. These samples were homogenized with the addition of 20 mL of 0.009 N H 2 SO 4 . Samples were centrifuged at 15,000 rpm for 15 min. The supernatant was passed through the SEP-PAK C18 cartridge. An Aminex HPX-87H 300 mm × 7.8 mm column and the Agilent packet program were used in the HPLC system. Analyses were performed at wavelengths of 214 and 280 nm using a DAD detector. In the study, 0.009 N H 2 SO 4 passed through a 0.45-µm membrane filter was used as a mobile phase.
Analysis of vitamin C
Five grams of the fruit sample was transferred to the test tube and 5 mL of 2.5% M-phosphoric acid solution was added. The mixture was centrifuged at 6500 × g for 10 min at 4 °C, and then 2.5% M-phosphoric solution was added to the supernatant solution (0.5 mL) and 10 mL was used for completion. The mixture was filtered through a 0.45-µm filter and injected into the HPLC system. A C18 column and DAD detector (254-nm wavelength) were used for analysis. Sulfuric acid and ultrapure water were used as the mobile phase (1 mL/min) (Cemeroğlu, 2007) .
Determination of Trolox equivalent antioxidant capacity (TEAC)
For TEAC analysis, ABTS acetate was dissolved in buffer and potassium persulfate was prepared (Ozgen et al., 2006) . To maintain long-term stability of the mixture, 20 mM sodium acetate was diluted in acidic medium (pH 4.5) in the buffer solution to give 0.700 ± 0.01 absorbance at 734 nm. For spectrophotometric measurement, 3 mL of ABTS + solution and 20 µL of fruit extract were incubated for 10 min and the absorbance values were determined at 734 nm.
Statistical analysis
Four replicates including 20 fruits per replicate were carried out. Descriptive statistics were expressed as average and standard error. One-way variance analysis was used for the study. The Tukey multiple comparison test was used for the identification of significant differences among genotypes. For data analysis, the MINITAB 17 (trial version) statistics program was used.
Results and discussion
Agromorphological properties
We found statistically significant differences (P < 0.05) among all agromorphological properties of the 13 mulberry genotypes. Fruit weight was between 1.38 and 3.77 g ( Table 1 ). The fruit width and fruit length were between 10.89 and 17.91 mm and 17.39 and 27.01 mm, respectively. The peduncle length ranged from 7.50 mm to 11.90 mm (Table 1) . A study previously conducted on mulberry fruits indicated an average fruit length between 21.66 and 27.04 mm among 28 black mulberry genotypes sampled in the Mediterranean region of Turkey (Koyuncu et al., 2014) . Orhan (2009) conducted a mulberry selection study in Erzurum Province in eastern Anatolia and reported the fruit weight, width, and length and the peduncle length as 1. 36-5.77 g, 9.97-17.36 mm, 19.75-31.03 mm, and 4.02-12.75 mm, respectively. Yilmaz et al. (2012) identified the average fruit weight of 0.66-3.07 g among a wide number of mulberry genotypes grown in Malatya Province in Turkey. Polat (2013) (Erdem, 2015) . In Gümüşhane Province, located in northeastern Anatolia, a study was conducted on mulberries and fruit weight (1.92-5.27 g), fruit width (15.24-18.23 mm), fruit length (19.28-33.95 mm) , and peduncle length (4.41-12.14 mm) were reported (Keskin, 2016) . Gecer et al. (2016) measured the fruit weight between 3.22 and 4.82 g, fruit width between 1.79 and 2.21 cm, fruit length between 2.70 and 3.26 cm, and peduncle length between 0.65 and 0.67 cm in mulberries from the eastern Anatolian region. Table 2 shows pH, SSC, and titratable acidity of the 13 mulberry genotypes. As indicated in Table 2 , there were statistical differences among genotypes for all parameters (P < 0.05). pH was found to be between 4.77 and 6.79, SSC content between 14.33% and 23.50%, and titratable acidity between 0.53% and 2.20% (Table 2) . Similar results were reported by Çam (2000) , who conducted a comprehensive study of mulberries in eastern Anatolia and found SSC between 15.79% and 19.71%, pH between 5.6 and 7.4, and titratable acidity between 0.17% and 0.30% in 25 mulberry genotypes. Several studies conducted in different agroclimatic conditions in Turkey using a wide number of mulberry genotypes revealed pH between 2.29 and 6.59 (Burgut and Turemis, 2006; Orhan, 2009; Erdem, 2015; Keskin, 2016; Okatan, 2018) and SSC between 9.30% and 26.2% (Erdoğan, 2003; Burgut and Turemis, 2006; Orhan, 2009; Keskin, 2016; Okatan, 2018) , which is in agreement with our results. Titratable acidity of mulberry fruits was reported between 1.07% and 2.87% by Polat (2013) and Okatan (2018) .
Phenolic acids
Statistically significant differences in terms of phenolic compounds (phenolic acids) among mulberry genotypes were determined (Tables 3 and 4 , and o-coumaric acid as 0.072 mg g -1 in mulberry fruits. Katsubea et al. (2009) reported the gallic acid content to be between 3.89 and 11.79 mmol 100 g -1 in mulberry fruits. Memon et al. (2010) determined the highest gallic acid content as 5.81 mg 100 g -1 in mulberry fruits. Similar results were reported by Gundogdu et al. ) in mulberry fruits. Gundogdu et al. (2017) reported the main phenolic ) as the main components of phenolic compounds in mulberry fruits from the Aegean region in the western part of Turkey. It is thought that the differences between this study and the above studies are the result of differences in genetics, ecological conditions, and analysis techniques.
Organic acids
The genotypes exhibited statistically significant differences (P < 0.05) in terms of all individual organic acids (Table  5) . Among the determined 6 organic acids, malic acid was found to be the dominant organic acid in mulberry fruits, followed by citric, succinic, and tartaric acids, respectively (Table 5 ). Malic acid varied from 2.484 to 8.546 g 100 g -1 and citric acid varied from 0.134 to 1.110 g 100 g -1 (Table  5) . Fumaric acid was found to have the lowest content, which ranged from 0.005-0.083 g 100 g -1
. Corresponding with these results, previous studies conducted on mulberry fruits explained that malic acid had the highest values among organic acids (Koyuncu, 2004; Ercisli and Orhan, 2008; Gundogdu et al., 2011; Sanchez et al., 2014; Gecer et al., 2016) . Sanchez et al. (2014) detected malic acid of 0.58-0.79 and 0.41-0.79 g 100 g -1 and citric acid of 0.04-0.18 and 0.14-0.66 g 100 g -1 in white and black mulberries in Spain. Gecer et al. (2016) observed that citric, tartaric, malic, succinic, and fumaric acid contents in white and black mulberry fruits collected from the eastern part of Turkey were 0.637-0.820 g 100 g , and 6.65-13.65 g 100 g -1 , respectively. All of the above results support our findings.
Vitamin C and antioxidant activity
Vitamin C contents in fruits of white and black mulberry genotypes were detected at between 2.45 and 35.83 mg 100 g -1 (Table 6 ). Ercisli and Orhan (2007) determined the average vitamin C content in white, red, and black mulberries sampled from eastern Turkey as 22.4, 19.4, and 21.8 mg 100 mL -1 , respectively. Ercisli and Orhan (2008) measured the vitamin C contents of black mulberry fruits belonging to a number of genotypes grown in the northeastern Anatolian region as between 14.9 and 18.8 mg 100 mL -1 . The vitamin C content in white mulberry fruits sampled in the Çoruh Valley, located in northeastern Turkey, was measured between 10.20 and 21.50 mg 100 g -1 (Gungor and Sengul, 2008) . In addition, vitamin C content in black mulberry fruits from the Aegean region was identified as between 19.73 and 31.24 mg 100 g -1 (Okatan, 2018) . These results are also in agreement with the above findings.
Results for antioxidant activity are shown in Table  6 ; statistically significant differences (P < 0.05) emerged among both white and black mulberry genotypes in terms of antioxidant activity. Overall, black mulberry genotypes exhibited higher antioxidant activity (7.56-13.63 µmol TE g -1 ) compared to white mulberries (4.33-6.12 µmol TE g -1 ) ( Table 6 ). Parallel to antioxidant activity, black mulberry fruits had higher vitamin C content (11.20-35 .83 mg 100 g -1 ) than white mulberries (2.45-6.56 mg 100 g -1 ) ( Table 6 ). Ozgen et al. (2009) found antioxidant capacity between 6.8 and 14.4 µmol TE g -1 in mulberry fruits. Previously, antioxidant activity in Morus nigra L. genotypes was determined as between 15.037 and 24.443 µmol TE g -1 (Özkaya, 2015) . Gecer et al. (2016) identified higher antioxidant capacity in black mulberries (9.17 µmol TE g -1 ) and lower in white mulberries (6.17 µmol TE g -1 ). Gundogdu et al. (2017) measured antioxidant capacity of 6.17-21.13 µmol TE g -1 in a number of mulberry genotypes.
In conclusion, in this study, some morphological and biochemical characteristics of 5 white and 8 black mulberry genotypes grown in the Varto district (Muş Province) have been analyzed. To the best of our knowledge, there is very limited research on this subject. The results indicate the importance of diversity in both white and black mulberry genotypes, not only for human nutrition, but also to use their genetic resources in future breeding activities. It is thought that these genetic resources grown endogenously in many regions of our country are important for the development of new mulberry cultivars and for the benefit of new scientific studies.
